1. Introduction
===============

Cardiovascular disease (CVD) is one of the major causes of death worldwide,^\[[@R1]\]^ and even in China.^\[[@R2]\]^ During recent decades, the prevalence of CVD in China has increased as a result of the enormous population, rapid economic development, lifestyle changes, and aging of the population.^\[[@R3]\]^ Obesity is considered as a major risk factor for CVD.^\[[@R4],[@R5]\]^ Although body mass index (BMI) is most commonly used to assess general obesity, waist circumference (WC), as the measure of abdominal obesity, has been proved to be a better predictor of CVD than BMI.^\[[@R6]--[@R8]\]^ However, WC alone is not sufficient to distinguish between intra-abdominal and subcutaneous abdominal adiposity. Several studies presented that visceral adiposity has positive associations with metabolic abnormalities, including hypertension, type 2 diabetes, dyslipidemia, and hyperinsulinemia.^\[[@R9],[@R10]\]^ Measurements of visceral adiposity require imaging techniques such as computed tomography (CT) or magnetic resonance imaging (MRI), which are not practical means for the general population due to the high cost and radiation exposure. Therefore, the hypertriglyceridemic waist (HTGW) phenotype (defined as hypertriglyceridemia and elevated WC) was firstly proposed by Lemieux et al^\[[@R11]\]^ and suggested to be a simple and inexpensive tool to predict cardiometabolic abnormalities in individuals with excess visceral adipose.^\[[@R12],[@R13]\]^

Some investigators have reported that hypertensive patients have a greater risk for having HTGW phenotype.^\[[@R14]\]^ However, data regarding the relationship between HTGW phenotype and metabolic abnormalities are scanty, especially in Asian populations that have a higher prevalence of central obesity than other populations. Until now, only 1 Brazilian study^\[[@R15]\]^ found that the HTGW phenotype was significantly associated with metabolic abnormalities in hypertensive women, but not in hypertensive men. Thus, we conducted this cross-sectional study to evaluate the association between HTGW phenotype and metabolic abnormalities in hypertensive adults.

2. Methods
==========

2.1. Study population
---------------------

In 2012 and 2013, we recruited a representative sample of general population aged ≥35 years to describe the prevalence, incidence, and natural history of cardiovascular risk factors in rural areas of Liaoning Province, which was named Northeast China Rural Cardiovascular Health Study (NCRCHS). Participants were selected using a multistage-stratified random cluster sampling method. Step 1, 3 counties (Dawa, Zhangwu, and Liaoyang County) were randomly selected from Liaoning province; step 2, 1 town was randomly selected from each county (a total of 3 towns); step 3, 8 to 10 rural villages from each town were randomly selected (a total of 26 rural villages). Finally, a total of 11,956 participants from all the 14,016 eligible permanent residents aged ≥35 years agreed and completed the present study, with a response rate of 85.3%. The study was approved by the Ethics Committee of China Medical University (Shenyang, China) (AF-SDP-07-1, 0-01). All procedures were performed in accordance with the ethical standards. Written consent was obtained in all participants after they had been informed of the objectives, benefits, medical items, and confidentiality agreement of personal information. If the participants were illiterate, we obtained the written informed consents from their proxies. After conducting the survey, we analyzed the data of this general population and found that the prevalence of hypertension was significantly high. Then, we selected the participants with hypertension and studied the data of them. In this report, we used data of baseline and only participants with hypertension and a complete set of data regarding the variables analyzed in the study were included, making a final sample size of 5919 people (2892 men and 3027 women).

2.2. Data collection
--------------------

Data were collected during a single clinic visit by cardiologists and trained nurses using a standard questionnaire by face-to-face interview. Before the survey was performed, we invited all eligible investigators to attend the organized training. The training contents included the purpose of this study, how to administer the questionnaire, the standard method of measurement, the importance of standardization, and the study procedures. A strict test was evaluated after this training; only those who scored perfectly on the test could become investigators. During data collection, our inspectors had further instructions and support.

Data on demographic characteristics, lifestyle risk factors, and medical history were obtained by interview with a standardized questionnaire. The questionnaire was designed by statistical experts and clinical specialists. There was a central steering committee with a subcommittee for quality control. The project management office of Liaoning Province will check randomly for 5% questionnaires, the unqualified questionnaires will be re-investigated again, and if the investigator made the fake questionnaire, we will cancel the qualification of this investigator and abandon all of his or her questionnaires. People who ever smoked at least 1 cigarette per day for over 6 months and smoke now were defined as current smokers. People who ever taken alcohol at least twice a week for over a year and take alcohol now were defined as current drinkers. Information about physical activity was obtained by questionnaire. Physical activity, including occupational and leisure-time physical activity, were categorized into low, moderate, and high groups according to the self-reported questionnaire.^\[[@R16]\]^ Educational degree was also investigated and classified into 3 levels: primary school or below, middle school, and high school or above.

2.3. Blood pressure measurements
--------------------------------

Blood pressure was measured 3 times by an automatic electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan), according to American Heart Association protocol. Every month, 2 doctors calibrated the Omron sphygmomanometer using a standard mercury one under protocol of the British Hypertension Society.^\[[@R16],[@R17]\]^ Blood pressure measurements were performed after at least 30 minutes rest in a sitting position. During the measurement, the participants were seated with the arm supported at the level of the heart. We calculated the mean of 3 measurements as the participant\'s blood pressure.

2.4. Anthropometric assessment
------------------------------

Weight and height were measured to the nearest 0.5 kg and 0.1 cm, respectively, with the subjects standing and wearing only underwear. Waist circumstance (WC) was measured with a tape (to the nearest 0.1 cm), at the level midway between the lower rib margin and the iliac crest.

2.5. Biochemical measurements
-----------------------------

A venous blood sample was drawn from all of the participants after 12-hour overnight fasting and obtained into EDTA vacutainer tubes. As the blood was obtained in the rural areas, we prepared many thermo containers in advance to transport the blood samples immediately. After about 1 hour, the blood samples were transported to the clinical laboratory of the First Affiliated Hospital of China Medical University by refrigerated truck. Serum was subsequently isolated and frozen at --20°C for further testing. Serum concentrations of total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), fasting plasma glucose (FPG), serum uric acid, and other routine blood biochemical indexes were determined using enzymatic kits by an Olympus AU640 auto analyzer (Olympus, Kobe, Japan).

2.6. Definitions
----------------

In agreement with JNC-7 report,^\[[@R18]\]^ hypertension was defined as being under antihypertensive treatment and/or having a systolic blood pressure (SBP) ≥140 mm Hg and/or having a diastolic blood pressure (DBP) ≥90 mm Hg. The BMI was calculated using the formula weight (kg)/height^2^ (m^2^). According to the WHO criteria,^\[[@R19]\]^ participants were classified into 3 groups: having normal weight when BMI \<25 kg/m^2^, overweight when 25 ≤BMI\<30 kg/m^2^, and obesity when BMI ≥30 kg/m^2^. Diabetes was diagnosed with the criteria of WHO^\[[@R20]\]^: FPG ≥7 mmol/L (126 mg/dL) and/or being on treatment for diabetes. The reference values for high TC, LDL, and low HDL were those recommended by the NCEP: TC ≥6.21 mmol/L (240 mg/dL), LDL-C ≥4.16 mmol/L (160 mg/dL), and HDL-C \<1.03 mmol/L (40 mg/dL).^\[[@R5]\]^ Serum uric acid ≥416 μmol/L in men and ≥357 μmol/L in women were considered as hyperuricemia.^\[[@R21]\]^ In this study, participants were categorized into 4 phenotype groups based on the following cut-off points^\[[@R22],[@R23]\]^: (1) NWNT (normal waist normal TG: WC \<90 cm for men and \<80 cm for women; TG \<1.7 mmol/L); (2) EWNT (enlarged waist-normal TGs: WC ≥90 cm for men and ≥80 cm for women; TG \<1.7 mmol/L); (3) NWET (normal waist-elevated TGs: WC \<90 cm for men and \<80 cm for women; TG ≥1.7 mmol/L); (4) HTGW (hypertriglyceridemic-waist: WC ≥90 cm for men and ≥80 cm for women; TG ≥1.7 mmol/L).

2.7. Statistical analysis
-------------------------

Continuous variables were shown as mean ± standard deviation (SD), whereas categorical variables were expressed as percentages. Among the phenotype groups, analysis of variance (ANOVA) test was used for the continuous variables, and χ^2^-test analyses for the categorical variables. Logistic regression analyses with odds ratios (ORs) and 95% confidence intervals (CIs) were performed to estimate the association between HTGW phenotype and metabolic abnormalities. All statistical analyses were performed using SPSS version 19.0 software (SPSS Inc, Chicago, IL), and *P* \< 0.05 was considered statistically significant.

3. Results
==========

Participants in this study were 5919 hypertensive adults, 2932 (49.5%) were NWNT, 1299 (21.9%) were EWNT, 750 (12.7%) were NWET, and 938 (15.8%) were HTGW phenotype. The baseline characteristics according to phenotype groups are presented in Table [1](#T1){ref-type="table"}. Subjects with the HTGW phenotype were more likely to be females, with a mean age of 57.7 (10.4) years. The HTGW phenotype group had lower frequencies of both current smoking status (*P* \< 0.001) and current drinking status (*P* \< 0.001), whereas a higher frequency of high-intensity physical activity (*P* \< 0.001). For the clinical characteristics and laboratory data, categorized by the 4 phenotype groups, participants in the groups of EWNT, NWET, and HTGW phenotype presented averages significantly higher levels of BMI, WC, SBP, DBP, FPG, uric acid, TC, TG, LDL-C, and lower levels of HDL-C (*P* \< 0.001). In the HTGW phenotype, the prevalence of obesity (29.6%) was quite high and was significantly higher than other groups (*P* \< 0.001). No significant differences were found in race and educational level between the 4 phenotype groups.

###### 

Baseline characteristics of the hypertensive participants across HTGW phenotype groups (N = 5919).
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The prevalence of metabolic abnormalities in the hypertensive participants in each phenotype group is summarized in Table [2](#T2){ref-type="table"}. Individuals with HTGW phenotype, 64.1% had 1 to 2 and 13.0% had 3 or more metabolic abnormalities. Subjects with the HTGW phenotype had significantly higher prevalences of all metabolic abnormities than the other 2 phenotypes for both sexes (*P* \< 0.001). Among men with the HTGW phenotype, 29.7% had hypercholesterolemia, 13.1% high LDL-C, 40.5% low HDL-C, 24.9% diabetes, and 32.1% hyperuricemia (*P* \< 0.001). Among women with the HTGW phenotype, 40.9% had hypercholesterolemia, 20.3% high LDL-C, 20.4% low HDL-C, 29.9% diabetes, and 18.2% hyperuricemia (*P* \< 0.001).

###### 

Prevalence of metabolic abnormalities in the hypertensive participants across HTGW phenotype groups (N = 5919).
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The cardiovascular risk factors frequency was presented among individuals of the 4 phenotype groups in Fig. [1](#F1){ref-type="fig"}. It was observed that among individuals with HTGW phenotype, 13.0% had 3 or more cardiovascular risk factors and 64.1% had 1 to 2 risk factors. While from individuals with the NWNT phenotype, 1.7% had 3 or more risk factors, and 30.1% had 1 to 2 risk factors, with statistically significant difference between groups (*P* \< 0.001).

![Frequency of cardiovascular risk factors among individuals of the 4 phenotype groups. EWNT = enlarged waist-normal triglycerides, HTGW = hypertriglyceridemic waist, NWET = normal waist-elevated triglycerides, NWNT = normal waist-normal triglycerides.](medi-95-e5613-g003){#F1}

Then, multivariate analysis by logistic regression showed the relationship between the HTGW phenotype and metabolic abnormalities (Table [3](#T3){ref-type="table"}). After adjusting for age, sex, race, smoking, drinking, education level, physical activity, SBP, and DBP, subjects with the HTGW phenotype had (OR 8.35; 95% CI 5.92--11.79) in total population (OR 7.23; 95% CI 4.41--11.86) in men and (OR 9.23; 95% CI 5.60--15.20) in women for ≥3 risk factors, respectively, compared with those subjects with NWNT phenotype. The results presented HTGW phenotype had a positive relationship with high TC, high LDL-C, low HDL-C, diabetes, and hyperuricemia (*P* \< 0.001). The data indicated that compared with the NWNT phenotype, the HTGW phenotype had 3.12 times more likely (95% CI 2.63--3.70) of having high TC, 2.76 times (95% CI 2.20--3.46) of having high LDL-C, 6.14 times (95% CI 4.98--7.58) of having low HDL-C, 3.71 times (95% CI 3.06--4.50) of having diabetes, and finally 5.49 times (95% CI 4.40--6.86) of having hyperuricemia. Multivariate analysis for both genders indicated separately that the HTGW phenotype was positively associated with metabolic abnormalities (*P* \< 0.05). Among subjects with EWNT or NWET, the strength of the association for metabolic abnormalities was attenuated but remained statistically significant (*P* \< 0.05).
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Multivariate-adjusted odds ratios (and 95% CIs) for metabolic risk factors across HTGW phenotype groups.
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3.1. Discussion
---------------

The major finding of this present study was that the HTGW phenotype was a strong marker of metabolic abnormalities for both genders in this rural Chinese hypertensive population. It is the first study assessing the association of HTGW phenotype with metabolic abnormalities in hypertensive adults of China. The prevalence of HTGW phenotype in the studied hypertensive adults was 15.8% for total individuals, 13.5% for men and 18.1% for women, respectively. After adjusting for the effect of covariates, the HTGW phenotype was associated with hypercholesterolemia, high LDL-C, low HDL-C, diabetes, and hyperuricemia.

In our present study, the prevalence of HTGW phenotype was similar to that observed by Mendes,^\[[@R24]\]^ but was much lower than a Brazilian study which also found that the HTGW phenotype was significantly associated with metabolic abnormalities in hypertensive women.^\[[@R15]\]^ Other studies that evaluated HTGW phenotype in nonhypertensive participants found a prevalence of 10.8% in Spanish adults^\[[@R25]\]^ and 23.6% in Iranian adults.^\[[@R26]\]^ Note that variations in prevalence may be due to different cutoff points for WC and serum TGs, as well as ethnic differences.^\[[@R26]\]^ Moreover, we previously evaluated HTGW phenotype in nonhypertensive patients and found it not associated with metabolic abnormalities. In contrast, it must be considered that subjects of the present study were hypertensive patients, with older mean age, high prevalence of diabetes and dyslipidemia, and high percentage of smoking and drinking, which represented a greater chance of developing HTGW phenotype and CVDs.

This study indicated a positive and significant relationship between the HTGW phenotype and abnormal lipid profiles. In accordance with the study from Mendes,^\[[@R24]\]^ the HTGW phenotype was positively associated with high TC, high LDL-C, and low HDL-C. Another study conducted in Iran showed that in female participants, there were significant associations between HTGW phenotype and levels of TC and HDL-C.^\[[@R26]\]^ The study by Blackburn et al^\[[@R27]\]^ also indicated that white men had an abnormal lipid profile associated with the HTGW phenotype. Similarly, the HTGW phenotype was found positively associated with TC and HDL-C in diabetic patients from a developed country.^\[[@R28]\]^ It is noteworthy that subjects with the HTGW phenotype tend to have high TC, high LDL-C, and low HDL-C, characterizing an abnormal lipid profile, contributing to an increased cardiovascular risk.^\[[@R14]\]^

In the same way that the present study did, other studies^\[[@R26],[@R29]\]^ demonstrated an association between the HTGW phenotype and diabetes, which significantly contributed to the risk of metabolic abnormalities and developing CVD.^\[[@R12]\]^

Another important metabolic variable analyzed was the uric acid. Our results indicated that there was a positive association between the HTGW phenotype and hyperuricemia in both sexes. However, until now, only 1 study in Brazilian adults had been conducted to assess this association, in which the significant association was showed only in women.^\[[@R22]\]^

Cunha de Oliveira et al^\[[@R22]\]^ observed that 82% of individuals in the HTGW phenotype group had 3 or more cardiovascular risk factors, but different cut-off points were used for the analyzed biochemical variables. In our study, 77.1% of hypertensive participants with HTGW phenotype had at least 1 metabolic abnormality, which was nearly 2.5 times higher than the NWNT phenotype group. Some possible reasons might be responsible for this phenomenon. An elevated WC alone does not identify individuals with excess amount of visceral adipose tissue (VAT) or high cardiovascular risk, because the accumulation of adipose tissue can be subcutaneous.^\[[@R12]\]^ Data presented here corroborated with scientific literature when describing the HTGW phenotype as a marker for a variety of metabolic abnormalities^\[[@R11],[@R30],[@R31]\]^ strengthen the use of HTGW phenotype as a global cardiometabolic risk. The HTGW phenotype, as a practical and easily applied tool, is a useful approach to identify subjects with VAT. The low cost makes it an available and easily applicable indicator in clinical practice and research. The HTGW phenotype can be useful for health professionals to identify hypertensive adults with a variety of metabolic abnormalities who may benefit from early intervention. Data from the present study are particularly important in rural Chinese population who has a high absolute risk of CVDs. Therefore, further researches should be necessary to assess the HTGW phenotype before firm conclusions can be drawn.

The main strengths of our study are its population-based design, and the first assessment of the relationship between the HTGW phenotype and metabolic abnormalities. However, there are a number of limitations in the current study. First, the main limitation of this study is its cross-sectional nature, which may lead to a causal association between the HTGW phenotype and metabolic abnormalities. Second, some unmeasured confounders may explain part of the associations in our study.

In conclusion, the current study indicated that the HTGW phenotype was positively associated with metabolic abnormalities in hypertensive adults. Due to the simplicity and low cost of measurements of WC and TG levels, using the HTGW phenotype to identify hypertensive patients at a high risk of metabolic abnormalities may be useful for early intervention. The findings of this study play a vital role in public health issues of CVD. In recent years, with the rapid growth of obesity and CVD across the world, it is important and urgent to develop convenient and cheap indicators for the early recognition of individuals at a high risk of metabolic abnormalities and CVD.
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